This study investigated the feasibility of using soybean milk by-products (okara) as a sustainable biosorbent for phosphate removal in water and wastewater. The results show that raw okara could hardly decontaminate phosphate from aqueous solutions. Hence, in this work, okara was modified by being cationized using It was also observed that Fe(III) was detached during operation. This problem can hinder the sustainable usability of ILO. Thus, further research would be necessary for improving the modification method.
Introduction
Phosphorous plays a critical role in the development of agriculture and industry (Benyoucef and Amrani, 2011) . However, the current phosphate rock reserve could be depleted in 50-100 years (Cooper et al., 2011) . Meanwhile, eutrophication can be induced by high concentrations of phosphorous (> 0.02 mg/L) in receiving water bodies (Ismail, 2012) . Therefore, the removal of phosphorous from water and wastewater is necessary to avoid water deterioration and diminish rely on limited phosphorous rock sources.
A variety of technologies have been employed for phosphate removal. Each of these methods has their own advantages and limitations (Table 1) . However, biosorption has become a new trend in this field of study (Jyothi et al, 2012) which can effectively to purify wastewater with low contents of phosphorous (De-Bashan and Bashan, 2004; Han et al., 2005) . Moreover, biosorption is believed to reduce the cost of water treatment, owing to the use of renewable, readily available and low-priced materials (Nguyen et al., 2012) . Another advantage is the eco-friendly property of biosorption, which allows developing useful materials for water treatment from agricultural waste and byproducts (Li et al., 2012) . Particularly, biosorption offers a potential of phosphorous recovery (Biswas et al., 2007; De-Basan and Basan, 2004) . It is estimated that about 250,000 tones of phosphorous can be recovered from wastewater in Western Europe annually (Biswas et al. 2007 ).
Table 1
There is a growing interest in the use of renewable agricultural by-products to develop innovative, cost-effective and sustainable biosorbents for phosphorous decontamination. Earlier studies demonstrated that different agricultural by-products could be modified to effectively retain phosphorous, e.g. sawdust (Benyoucef and Amrani, 2011); sugarcane bagasse fibers (Carvalho et al., 2011) ; date-palm wastes (Ismail, 2012) ; coir pith (Krishnan and Haridas, 2008) ; eggshell (Mezenner and Bensmaili, 2009); date palm fibers (Riahi et al., 2009 ); wheat straw (Xu et al., 2009);  etc. This can be attributed to the fact that large amounts of hydroxyl groups in the cellulose, hemicelluloses, and lignin make agricultural by-products easily and effectively involve in chemical modifications (Benyoucef and Okara is a by-product of soy beverage and tofu production. It is white and quite similar to wet sawdust in its texture and form. Okara is also named as soybean residue, soy pulp, bean curd dreg, tofuzha or douzha (Chinese), tofukasu (Japanese), or bejee (Korean). It contains 50% crude fiber, composing of cellulose, hemicellulose and lignin.
Every 1,000 liters of soy milk make about 250 kg of okara. Thus, it is estimated that each year approximately 14 million tons of okara are generated all over the world, causing environmental burden. In addition, fresh okara degrades quickly. For that reason, though okara can be used for many purposes (e.g. animal food, fermentation substrate, fertilizer, etc.), it commonly dumped and burned as waste (Li et al., 2012) .
Some types of soybean by-products were used as environmentally friendly materials, such as soybean hulls (Marshall and Wartelle, 2004) ; lees materials (Adachi et al., 2005 ) and bean dregs (Li, 2009 ). It was found that these materials exhibited good sorption abilities to heavy metals, organochlorine compounds, and some anions.
However, no previous studies have reported the use of okara for phosphate elimination.
Okara was chosen in this study because of its dominant advantages, such as easy acquiring, abundant availability enough for large-scale applications, and low price.
Consequently, the application of okara as a biosorbent of phosphate may help to reduce the cost of water treatment. Also, it allows eliminating okara as a waste product in a green way. Furthermore, okara contains phosphorous inside (400-440 mg P/g dry okara), giving a platform for phosphorous recovery from both original okara and wastewater (Li et al., 2012) . The main objective of this study is to develop an innovative, cost-effective and sustainable biosorbent for phosphate removal from soybean milk by-product (okara). The material was cationized using FeCl 3 0.25M to activate its phosphorous sorption capacity. The ILO before and after sorption was characterized using Fourier transform infrared spectroscopy (FTIR) analyzer. The influential factors (e.g. pH, dose, initial concentration, contact time, foreign anions) were investigated for the process optimization. The maximum adsorption capacity of phosphorous by ILO was determined from Langmuir isotherm model. Unusual results of desorption study and Fe(III) leachability was elucidated. Based on that, useful recommendations for improving the modification method were proposed.
Materials and Methods

Chemicals
All chemicals in this work are of analytical grade and supplied by Chemsupply, Australia. The phosphorous stock solution containing 1000 mg P/L was prepared by dissolving disodium hydrogen phosphate (Na 2 HPO 4 ) powders in distilled water, using a 1000 ml volumetric flask. The phosphorous working solutions were prepared by diluting the phosphorous stock solution with distilled water to the desired concentrations.
The NaOH 0.05 M and FeCl 3 0.25 M solutions were prepared by dissolving specific amounts of NaOH pellets and FeCl 3 .6H 2 O in the distilled water.
Preparation of ILO
The biosorbent in this study was developed from okara. As okara is a by-product of tofu and soy milk production, it can be easily collected from soy milk factories or families at no cost or very little priced.
To prepare ILO, the raw okara was put on a sieve of 150 μm and washed with distilled water before it was kept in the dry oven at 110 0 C for 24 h. Next, 40 g dried okara was stirred with 1 L NaOH 0.05 M at the speed of 120 rpm, room temperature for 24 h. NaOH pretreated okara was then washed with distilled water again until pH of the washing solution reached 7. After that, obtained okara was stirred with 800 mL FeCl 3 0.25 M at the speed of 120 rpm, room temperature for 24 h. Consequently, Fe(III) pretreated okara was carefully washed with distilled water to remove all free Fe(III)
cations remained on the surface of okara. Finally, it was dried in the oven at 110 0 C for 24 h and powdered to a fine mesh of size with a Breville coffee 'n' spice grinder before it can be used for adsorption experiments.
Characterization of materials
Fourier transform infrared (FT-IR) spectroscopy is a useful technique. It allows a qualitative and preliminary analysis of the main functional groups on the biosorbent surface, which may be responsible for the phosphate retention. FTIR spectrum of pristine and phosphorous laden okara were recorded with SHIMADZU FTIR 8400S
(Japan) in mid-IR wave number range (600-4000 cm -1 ).
Adsorption kinetic experiments
The adsorption kinetic experiments were conducted using a series of 50 mL
Erlenmeyer flasks, tightly covered with aluminum foil, without any pH adjustment. 0.5 g of ILO was taken into 25 mL of disodium hydrogen phosphate (Na 2 HPO 4 ) of 100 mg P/L. The flasks were put on an orbital shaker and shaken vigorously at 120 rpm, room temperature for 24 h to ensure the equilibrium was reached. After different predetermined time intervals, each flask was taken and filtered with filter paper Whatman®, GF/C, Cat No 1822-047. All samples were kept for phosphorous analysis.
The amount of adsorbed phosphorous was calculated based on the difference in the concentration between phosphorous solutions before and after adsorption.
Desorption experiments
To evaluate the desorption capacity of phosphorous from phosphorous bearing ILO, The suspension from adsorption test was filtered with 0.45 m filter paper. Next, the phosphorous laden solids remaining on the filter papers were washed with abundant amount of tap water and then with distilled water to remove all free phosphorous anions.
After that, the solids were collected into 50 mL erlenmeyer flasks containing 25 mL of different desorption solutions. Consequently, all flasks were shaken on an orbital shaker at 120 rpm, room temperature for 24 h. When the contact time was over, all samples were filtered. The solutions were taken for determining the amount of desorbed phosphorous.
Phosphorous analysis method
The phosphorous concentrations were determined spectrophotometrically by molybdenum blue method on Spectroquant® NOVA 60 (Germany) machine, corresponding to its analysis procedure. The dilution was made where necessary to ensure the phosphorous concentrations in all samples were below 5 mg P/L. All measurements were conducted in triplicate. The data represented the average values.
Determination of iron
In order to identify the side effects of employing ILO as a biosorbent for the remediation of phosphorous, the samples after adsorption and desorption processes were taken for Fe(III) analysis. The iron concentration was determined by Microwave Plasma-Atomic Emission Spectrometer (MP-AES) -Agilent Technologies 4100. Table 2 presents functional groups and the corresponding infrared adsorption bands of ILO before and after adsorption of phosphorous. Numerous adsorption peaks are listed in Table 2 
Results and Discussion
Characterization of ILO
The phosphorus capture by ILO
In this study, the Langmuir isotherm model was chosen to calculate the maximum adsorption capacity of phosphorous by ILO. The Langmuir equation and its linear form are described by the equation (1) and (2), respectively as follows (Mallampati and Valiyaveettil, 2013):
where C e is the equilibrium phosphorous concentration in liquid phase (mg/L), and q e is the amount of phosphorous adsorbed onto 1 g of the adsorbent The results are presented in Table 3 .
Table 3 As can be seen in Table 3 , Langmuir model represented a better fit than Freundlich model, indicating that the sorption of phosphorous onto ILO was probably monolayer.
Also, the surface of ILO might be homogeneous. The Freundlich constant value 1 < n < 10 revealed that the sorption of phosphorous onto ILO was favorable (Boujelben et al., 2008) . The 1/n value for PO 4 3-(0.225) was below 1, referring to the normal Langmuir isotherm (Mallampati and Valiyaveettil, 2013) . Table 3 indicates that the maximum adsorption capacity of phosphorous by ILO was 4.785 mg/g. Meanwhile, the initial investigations showed that raw okara exhibited It is interesting that, despite of fluctuations in pH, the minimum removal (90.85%) was still extremely high. Thus, pH did not show significant effects on the phosphorus removal using ILO. an increase in driving force at higher initial phosphorous concentrations, whereas the latter suggested that the phosphorous concentration gradient facilitated the sorption.
Effect of contact time
Figure 2
The influence of the contact time was examined by conducting experiments at a fixed phosphorous concentration (100 mg/L), biosorbent dose ( 
Effect of foreign anions
The real wastewater usually contains many kinds of anions that may hinder the sorption of PO 4 3-anions. For that reason, the effect of coexisting anions on the sorption of phosphorous onto ILO was investigated to elucidate the practical applicability of ILO.
A series of adsorption experiments were set up with the presence of SO claimed that the interference effects of CO 3 2-were marginal.
Desorption of phosphorous from phosphorous bearing ILO
The recovery of phosphate anions and the reusability of ILO play critical roles to the actual application of this biosorbent. The desorption efficiencies of phosphorous from phosphorous bearing ILO with diverse eluents are depicted in Figure 4 . It can be inferred that the distilled water at pH values of 2, 4, 6, 8, 10 exhibited very poor desorption capacities (< 20%). In contrast, the distilled water at pH 12, NaOH 0.25 M and HCl 0.1 M were found to be excellent elution solutions with extremely high desorption efficiencies (> 94%). It is worth mentioning that the desorption percentage in cases of using NaOH 0.25 M and HCl 0.1 M as elution solutions were even higher than 100%. The unusual desorption results can be explained by the assumption that raw okara may contain some phosphorous, which was eluted together with phosphorous adsorbed onto ILO. This hypothesis was strongly supported by the experimental data, which displayed that significant amounts of phosphorous can be eluted into aqueous solutions from dry okara by H 2 SO 4 , HCl, and NaOH 0.05 M. These findings more or less agree with a preceding study conducted by Li et al. (2012) , revealing that the phosphorous content in original okara was 396-444 mg/ 100 g dry matter. These results imply that, the extraction of phosphorous from native okara via the pretreatment with NaOH 0.05 M was incomplete. This also highlights the potential of enhancing the efficiency of phosphorous recovery via conducting it with both original okara at the beginning and with phosphorous bearing ILO at the end of the process. For that reason, there is room for improvement of procedures for phosphorous removal and recovery by metal loaded okara.
Figure 4
Iron released during sorption and desorption tests
The detachment of Fe(III) from ILO during its sorption performance is undesirable, Unfortunately, the detail data could not be detected. These results are in harmony with those reported earlier by Shin et al. (2005) , who discovered that the leachability of La(III) from La(III) loaded bark fiber was above 85% at pH of 2.5.
The prospect of using metal loaded biosorbents for phosphorous elimination
In general, biosorbents do not show significant affinity towards PO times, as a result of impregnating with FeCl 3 . However, little information is available on the leachability of metals during operation, which may significantly influence the repeated utilization of metal loaded biosorbents. Table 5 reveals that Zr(IV) is superior to other metals used for cationization of biosorbents, because of its low leachability.
However, the relatively high cost and toxicity of Zr(IV) compounds may hinder its widespread applications. Therefore, further improvements are required in this direction of research. The appropriate metals for this purpose should meet such requirements as high phosphate removal efficiency, minor elution during operation, low price, and low toxicity to the public and environmental health. From that point of view, this study may be considered as a starting point for further research on enhancement of phosphate removal from water and wastewater using metal loaded okara. Table 5 4. Conclusions Desorption of phosphorous from phosphorous bearing ILO using different eluents and Fe(III) detachment during desorption tests.
Figure 5
The release of Fe(III) from ILO during adsorption tests. Note: N/A Information is not available.
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